Abstract: An exergetic analysis was performed for a 116-MW gas-turbine power plant. Mass and energy conservation laws were applied to each component of the system. Quantitative exergy balance for each component and for the whole system was considered. In this study, the exergy of a material stream is decomposed into thermal, mechanical and chemical exergy and an entropy-production flow. The effect of a change in the inlet turbine temperature on the exergetic efficiency and exergy destruction in the plant was evaluated. The crucial dependency of the exergetic efficiency and the exergy destruction on the change in the turbine inlet temperature was confirmed.
Introduction
In recent years, the use of exergy analysis in thermal design has been discussed and demonstrated by numerous authors (Cengel and Boles, 1998; Jones and Dugan, 1996; Moran and Shapiro, 2000; Verkhivker and Kosoy, 2001 ).
An exergy-based performance analysis is the performance analysis of a system based on the second law of thermodynamics that overcomes the limit of an energy-based analysis. Exergy is generally not conserved as energy but destroyed in the system. Exergy destruction is the measure of irreversibility that is the source of performance loss. Therefore, an exergy analysis assessing the magnitude of exergy destruction identifies the location, the magnitude and the source of thermodynamic inefficiencies in a thermal system (Flavio et al., 2000; Zhang et al., 2000) .
Exergy analysis usually predicts the thermodynamic performance of an energy system and the efficiency of the system components by accurately quantifying the entropy-generation of the components.
In our study, an exergetic analysis was performed for a 116-MW gas-turbine plant, which is an existing plant located in Mahshahr, Iran. Mass and energy conservation laws were applied to each component. A quantitative exergy balance of each component was also delivered carefully. The exergy-balance equation developed by Oh et al. (1996) was used in this analysis.
The gas turbine plant
A schematic of a 116-MW gas turbine system is given in Figure 1 and shows the main work and exergy flows and the state points which we accounted for in this analysis. The system consists of an air-compressor (AC), a combustion chamber (CC), an air-preheater (APH), and a gas-turbine (GT). The mass flow rate of air to the compressor at 26 C is 497 ks s À1 and the air-fuel ratio at full load is 50 on a mass basis. The incoming air has a temperature of 26 C and a pressure of 1.013 bar. The pressure increases to 8.611 bar through the compressor, which has an isentropic efficiency of 83%. The inlet temperature to the turbine is 1048 C. The turbine has an isentropic efficiency of 88%. The regenerative heat exchanger has an effectiveness of 75%.
The pressure drop through the air preheater is 4% of the inlet pressure for both flow streams and through the combustion chamber is 3% of the inlet pressure. The fuel (natural gas) is injected at 26 C and 30 bar. The pressure of the hot gas exhaust from the air preheater is 1.032 bar.
Formulation of exergy-balance equation
A general exergy-balance equation, applicable to any component of a thermal system may be formulated by utilising the first and second laws of thermodynamics (Oh et al., 1996) . The thermomechanical exergy stream may be decomposed into its thermal and mechanical components (Kwon et al., 2001 ). The balance gives:
where the subscripts i and o denote, respectively, exergy flow streams entering or leaving the plant component. The thermal and mechanical components of the exergy stream for an ideal gas with constant specific heat may be written as (Kotas, 1995 ) Table 1 shows chemical, thermal and mechanical exergy flow rates and entropy flow rates at various state points in the cycle. These flow rates were calculated based on the values of measured properties such as pressure, temperature, and mass flow rate at various points. Evaluations of various exergies at the inlet, and outlet of each system component are obtained by fitting appropriate polynomials (Gordon and Mcbride, 1971) to the thermophysical data in the JANAF Tables (1971) . The net flow rates of the various exergies crossing the boundary of each component in the gas-turbine plant at rated conditions are shown in Table 2 , together with the exergy destruction in each component. Positive values indicate the exergy flow rate of products while negative values represent the exergy flow rate of resources or fuel. Here, the product of a component corresponds to the added exergy whereas the resource to the consumed exergy (Kwak et al., 2003) . The sum of the exergy flow rates of products, resources and destruction equals zero for each component and for the total plant; this zero sum indicates that exergy balances are exactly satisfied. Figure 2 shows the exergetic efficiency b of components of the gas-turbine plant. The exergetic efficiency of the total plant is also shown: it amounts to 39%. It is shown that the exergetic efficiency of the combustion chamber is much lower than that of other plant components, due to the high irreversibility in the former. Table 2 Net exergy flow rates and exergy destruction in the gas turbine plant at rated condition In comparison with other plant components, the combustion chamber destructs the largest amount of total inlet exergy into the plant, as shown in Figure 3 . This figure shows also that 60.97% of the total inlet exergy is annihilated in the plant. The change in the exergetic efficiency of plant components due to a variation in the turbine inlet temperature was calculated. The increase in the exergetic efficiency of components due to a 120% increase in the turbine inlet temperature is shown in Figure 4 . With an increasing TIT, the exergetic efficiency of turbine increases a little, exergetic efficiency of air compressor remains constant, and exergetic efficiency of air preheater decreases a little, while there is a good increase in the exergetic efficiency of the combustion chamber, as shown in Figure 4 . Figure 4 Change in exergetic efficiency of components due to 120% increase in the turbine inlet temperature Figure 5 shows that the amount of exergy destruction in the combustion chamber decreases a lot for a 120% increase in the TIT, while the operation of the air compressor is not affected. There is an increase in exergy destruction in the air preheater, but because of the predominance of the irreversibility in the combustion chamber, the exergy destruction in the total plant decreases of about 23.7%. The effect on the plant exergetic efficiency and exergy destruction of a change in the TIT is shown in Figures 6 and 7 . To an increase in the TIT, there corresponds an increase in the exergetic efficiency of plant. As shown in Figure 7 , the amount of exergy destruction in the plant decreases with an increase in TIT. Figure 6 Effect on plant exergetic efficiency of a change in the turbine inlet temperature Figure 7 Effect on plant exergy destruction of a change in the turbine inlet temperature
Conclusions
An exergy balance applied to a process or a whole plant tells us how much of the usable work potential, or exergy, supplied as the input to the system under consideration has been consumed (irretrievably lost) by the process. The loss of exergy, or irreversibility, provides a generally applicable quantitative measure of process inefficiency.
The effect of the turbine inlet temperature on the exergetic efficiency and on the exergy destruction in 116-MW gas-turbine system has been analysed. It was confirmed that the exergetic efficiency and exergy destruction in the combustion chamber are mainly affected by this parameter. Considerable exergy destruction occurs in the combustion chamber only, and therefore, both the exergetic efficiency and the exergy destruction in the plant are affected mostly by the turbine inlet temperature. 
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